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¢ Expect space charge effects (SCE) to be one of two
leading detector effects at ProtoDUNE-SP
 The other: ADC issues (stuck codes, nonlinearity)
« Important focus of calibration studies prior to first
operations of detector

¢ Open question: how much do we expect flow of
liquid argon to impact underlying space charge
configuration?

« lon drift velocity in electric field and expected liquid
argon flow velocity are similar in magnitude

* Could lead to build-up of space charge in certain parts of
detector, or at least modify space charge distribution

¢ Today: show first study of LAr flow on SCE
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Discharge Points (m) L J L U U

X Y 7 Velocity (Projection) Charge Density [nC / m*3]
2.464 -3.49 2.753 19.054 95.278
) a. 2.464 3.49 0.713 - 18.078 80.286 -
Pump Suction on Wall | R T R R 17.103 85.293
g T R L 16.128 80.300 -
Suction Point (m) F 15.153 75.308 3
< v = 1 14177 70.315 3
| | - 13202 65.323 -
it ] | 12227 60.330 -
11.251 55.337
10.276 50.345
- 9.301 45352 -
8.325 40.360
7.350 35.367
6.375 30.375
v 5.399 25.382
4.424 20.389
3.449 15.397
2.473 10.404
1.498 5412
0.523 0.419
z % [mm s7-1]

L

Discharges Spray in X direction @ 0.259 m/sec v .

¢ Developed by Erik Voirin for ProtoDUNE-SP (previously

produced for 35-ton) - see DUNE Doc DB #9228

¢ 3D simulation of LAr flow, 8 mm/s ion drift @ 500 V/cm,

uniform space charge deposition from cosmics

¢ Ion absorption at field cage, APA, CPA, and all solid
objects inside cryostat - see Erik’s talk for more info


https://docs.dunescience.org/cgi-bin/private/ShowDocument?docid=928

A\ SCE Simulation
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¢ Make use of code suite developed by M. Mooney for
simulation of SCE given space charge density map
from Erik’s simulation

 SpaCE - Space Charge Estimator

¢ Fourier series solution for electric field on grid,
radial basis functions for interpolation of field
between grid points, and ray tracing based on RK45
for determining spatial displacements due to SCE

¢ Nominally assumes linear space charge distribution
(zero at anodes, maximal at cathode), but code suite
has capability of using arbitrary space charge
distribution as input

 Compare nominal SCE maps to ones including LAr flow
4
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¢ Transverse spatial distortions (TPC top/bottom)
observed in data ~reproduced with SCE simulation

« MicroBooNE Public Note: MICROBOONE-NOTE-1018-PUB

« Asymmetry in data (not predicted in simulation): smaller
distortions at TPC top (see later slides!)


http://microboone.fnal.gov/wp-content/uploads/MICROBOONE-NOTE-1018-PUB.pdf
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3 Spatial Offsets: Z = 2.6 m %
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Flow: Z = 2.6 m .
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Spatial Offsets: Z = 3.6 m %

DEEP UNDERGROUND
NEUTRINO EXPERIMENT fate.
lm\clm
[ i i I [ L/
Velocity (Projection) Charge Density [nC / m*"3]
19.054 : — 5.278
18.078 90.286
17.103 85.293
16.128 50.300 F
- 15.153 75.308 -
- 14177 70315 -
- 13.202 65.323
12.227 60.330
11.251 55.337
10.276 50.345
9.301 45.352
8.325 40.360
- 7.350 85.367
6.375 30.375
5.399 25.382
4.424 20.389
3.449 5.397
- 2473 0.404
1.498 5.412
0.523 0.419
[mm s*-1]
L.
T E— 1500 2000 |m)
Xieoo - Xirue [0M]: Z=3.60 m Yreco - Yirue [EM]: Z=3.60m Zroco " Line [6M]: Z=3.60m
E SF E E
> > >
55
4=
3
2
1;
o [ ES——— ]

R X [m] X[m] X [m] 12



NEUTRINO B

Enmml\ .
Xreco = Xiye [cM]: Z=3.60 m Yieco - Yime [CM]: Z=3.60m Zioco - Linge [cM]: Z=3.60m
E oF E SF ©  E ¢ '
> > L > [ 0.8
L L 15 L
5 5 5 0.6
B C 10 L
L L B 0.4
4= 4= 4?
L L 5 L 0.2
3 3E o af o
i : 5 E -0.2
oF 2k 2k
B r [ —0.4
L L 10 L
1= 1; 1‘_ 0.6
L L 15 L s
ok= 0k oL 0 S I I
X [m]
Yreco - Yirue [EM]: Z=3.60m Zieco " L [€M]: Z=3.60 m
E SF £ SF E
> > [ >
5 55
= 4
3 3
ok 2
1= 1
o}.‘\.H.|.".|.H‘|‘..‘m...m...|.u o
-3 3 =2 - 0 1 2 3

X [m] X[m] X [m] 1 3



3 Spatial Offsets: Z = 4.6 m %
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B Vs. No Flow: Z=6.6m KV
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Discussion
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¢ Main effects of liquid argon flow on SCE:

* Magnitude of distortions roughly 2/3 in comparison to
nominal case (no flow)

— Ion deposition rate used by M. Mooney and Erik are almost
identical: ~2x10-10 C/m?3/s

* Very different distributions in the two drift volumes
 SCE smaller at top of TPC (also seen at MicroBooNE)

¢ Distributions still smoothly vary across drift volumes, as
in nominal case

¢ Noteworthy: no large build-up of space charge predicted
in any one place when including effects of fluid flow

¢ Useful case study for qualitative understanding, but may
be very different in reality

 Essential to have data-driven calibration
20
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N Half Field Offsets: Z = 3.6 m %

LORA
University
—

i 1] u 1 Charge|Density [nC / m”3]

232.081
219.917
207.752
195.587
183.423
171.258
159.093
146.929
134.764
122.599
110.435
98.270
86.105
73.941
61.776
49.612
37.447
25.282
13.118
0.953

L.

Kieeo = Xire [6M]: Z=3.60m Yieco ™ Yirue [6M]: Z=3.60 m Zioco = Linge [6M): Z2=3.60m

0 2000 4000 (m)
]

1.000 3.000

Y [m]
Y [m]

Y [m]

A

&

n
L e

ey

b

-3 -2 -1 0 1 2 3
X [m] X [m] 2 2




Half Field Vs. No Elow: 3.0 m .
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¢ Space charge effects: build-up of slow-moving
argon ions in TPC volume due to large cosmic flux
(afflicting near-surface LArTPCs, e.g. ProtoDUNES)
* Observed at MicroBooNE: MICROBOONE-NOTE-1018-PUB

» Distorts E field (recombination smearing), leads to spatial
distortions in position of reconstructed ionization charge

Simulated (E, - E,)/ E, [%]: Z=5.18m
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http://microboone.fnal.gov/wp-content/uploads/MICROBOONE-NOTE-1018-PUB.pdf

SCE Predictions
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Figure 4: Predictions of spatial distortions (in the vertical direction, y) due to space
charge effects at the ProtoDUNE detectors and DUNE far detectors, making
use of a dedicated simulation incorporated into LArSoft. Shown is a central
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¢ Muon halo can fill in gap (active volume in red, above)
¢ However, relative to cosmics, rate is low: O(100)/spill

¢ Need CRT triggers to save as many as possible -



9 Other t,-tagging Methods
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Anode-Piercing Tracks in Off-Beam Cosmic Events: Track-Hit Density Per Event  Cathode-Piercing Tracks in Off-Beam Cosmic Events: Track-Hit Density Per Event
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¢+ What about using other t -tagging methods to fill gaps?
¢ For example, MicroBooNE’s anode/cathode piercers:
« See public note: MICROBOONE-NOTE-1028-PUB

¢ But this sample still sees a gap in the middle of TPC... 0


http://microboone.fnal.gov/wp-content/uploads/MICROBOONE-NOTE-1028-PUB.pdf
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